Effect of the nitrification inhibitor (DMPP) on soil nitrous oxide emissions and yield in a lettuce crop in Queensland, Australia by Scheer, Clemens et al.
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Scheer, C., Deuter, P.L., Rowlings, D.W., & Grace, P.R.
(2016)
Effect of the nitrification inhibitor (DMPP) on soil nitrous oxide emissions
and yield in a lettuce crop in Queensland, Australia.
ISHS Acta Horticulturae, 1123, pp. 101-108.
This file was downloaded from: https://eprints.qut.edu.au/108672/
c© Copyright 2016 International Society for Horticultural Science
(ISHS)
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
https://doi.org/10.17660/ActaHortic.2016.1123.14
  
This is the author’s version of a work that was submitted/accepted for publication in the 
following source:  
 
C. Scheer, P. L. Deuter, D. W. Rowlings, P. R. Grace.(2016)  Effect of the nitrification 
inhibitor (DMPP) on soil nitrous oxide emissions and yield in a lettuce crop in 
Queensland, Australia. Acta horticulturae. 101-108. 
 
Notice: 
Changes introduced as a result of publishing processes such as copy-editing and 
formatting may not be reflected in this document. For a definitive version of this work, 
please refer to the published source: 
https://doi.org/10.17660/ActaHortic.2016.1123.14 
  
  
Effect of the Nitrification Inhibitor (DMPP) on Soil Nitrous Oxide 
Emissions and Yield in a Lettuce Crop in Queensland, Australia 
Clemens Scheer1,*, Peter Deuter2, David W. Rowlings1 and Peter R. Grace1 
 
1Institute for Future Environments, Queensland University of Technology, Brisbane, QLD 4000, Australia 
2Department of Agriculture, Fisheries and Forestry (Queensland), Gatton Research Station, Qld. 4343, 
Australia   
*corresponding author: clemens.scheer@qut.edu.au 
 
Keywords: Nitrification inhibitor; 3,4-Dimethylpyrazol phosphate (DMPP); Entec; 
Vegetable cropping; Crop residues 
 
Abstract 
The use of nitrification inhibitors, in combination with ammonium based 
fertilisers, has been promoted recently as an effective method to reduce nitrous oxide 
(N2O) emissions from fertilised agricultural fields, whilst increasing yield and 
nitrogen use efficiency. However, to date no data is available on the use of 
nitrification inhibitors in sub-tropical vegetable systems. A field experiment 
investigated the effect of the nitrification inhibitor 3,4-dimethylpyrazole phosphate 
(DMPP) on N2O emissions and yield from lettuce production in sub-tropical 
Australia. Soil N2O fluxes were monitored continuously over 120 days with a fully 
automated system. Measurements were taken from three subplots for each 
treatment within a randomized complete blocks design. Cumulative N2O emissions 
over the 120 day observation period amounted to 191 g-N/ha, 93 g-N/ha and 46 g-
N/ha in the conventional fertiliser (CONV), the DMPP treatment and the zero 
fertiliser (0N) respectively. Consequently, the use of DMPP decreased seasonal N2O 
emissions by more than 50%, but had no significant impact on lettuce yield. The 
temporal variation of N2O fluxes showed only low emissions over the lettuce 
cropping period in all treatments, but significantly elevated emissions were observed 
in the CONV fertilized and DMPP treatment post-harvest, following lettuce residues 
being incorporated into the soil. This study highlights that DMPP can substantially 
reduce N2O emissions from vegetable cropping systems. It also emphasizes that N 
input from vegetable crop residues incorporated into the soil after harvest can lead 
to substantially elevated N2O emission. Hence, in such systems post-harvest 
emissions need to be in the centre of attention for developing N2O mitigation 
strategies.  
 
 
INTRODUCTION 
Nitrous oxide (N2O) is an important greenhouse gas due to in its elevated Global 
Warming Potential (296 CO2-eq over a 100 year time horizon) and is also the principal 
ozone-depleting substance in the 21st century (IPCC, 2007; Ravishankara et al., 2009). 
Globally, agricultural soils play a fundamental role in the increase of N2O in the 
atmosphere, contributing approximately 60% of total anthropogenic N2O emissions 
(IPCC, 2007). In soils, N2O is mainly produced by the microbial processes of nitrification 
and denitrification in particular after the application of nitrogen (N) fertilisers. Due to 
increased use of nitrogen fertiliser and animal manure anthropogenic N2O emissions are 
  
expected to increase even further (Smith et al., 2007). Vegetable systems are often 
characterised by high inputs of N fertiliser. Consequently, the vegetable industry could 
potentially emit substantial amounts on a ‘per unit area’ or ‘per unit production’ basis. 
While extraordinarily high N2O emissions (up to 240 kg N2O-N ha-1yr-1) have been 
reported from heavily fertilised sub-tropical vegetable production systems in China (Jia et 
al., 2012), generally only intermediate to low fluxes have been reported from temperate 
and sub-tropical vegetable fields (Pfab et al., 2012; Scheer et al., 2014). In addition, it has 
been shown that vegetable crop residues incorporated into the soil after harvest can be 
decomposed rapidly and release mineral N and easily available C resulting in high long 
lasting fluxes of  N2O (Pfab et al., 2011; Scheer et al., 2014). However, so far there is 
only limited data on N2O emissions from vegetable production based on detailed field 
measurements.  
Over recent years, the use of nitrification inhibitors, in combination with 
ammonium based fertilisers, has been promoted as an effective method to reduce nitrous 
oxide (N2O) emissions from fertilised agricultural fields, whilst increasing yield and 
nitrogen use efficiency To date there is only limited data available on the use of 
nitrification inhibitors in vegetable production systems. We investigated the effect of the 
nitrification inhibitor 3,4-dimethylpyrazole phosphate (DMPP) on N2O emissions and 
yield from lettuce production in a field experiment using high frequency measurement 
with an automated measuring system. The overall aims of the study were to determine if 
the of DMPP coated fertiliser can reduce N2O emissions from lettuce production system 
in sub-tropical Australia. 
 
MATERIALS AND METHODS 
 
Study site 
The field was established in July 2013 at the Gatton Research Facility, located 
approximately 80 km west of Brisbane, Queensland, Australia (latitude 27 ° 33' S, 
longitude 152 ° 20' E, 94 m above sea level). The climate is sub-tropical with 
predominantly summer rainfall and mean annual rainfall of 773 mm. The mean daily 
minimum and maximum temperatures are 18.7 and 31.2°C in the summer, and 6.8 and 
21.4°C in winter. The soil at the site is a Black Vertisol of alluvial fan and basalt rock 
origin with a surface slope of about 0.5%. Texture consisted of 20% sand, 22% silt and 
58% clay, with an initial soil pH of 7.8 (0-10cm). Physical and chemical soil 
characteristics of the experimental plots are shown in Table 1.  
 
Field management and experimental design 
The experiment was conducted using three fertiliser treatments in three 
replications arranged in a randomized complete block design. A timeline of the 
experiment is shown in Table 2.  
Each experimental plot was 1.5 m wide x 10 m in length, with 3 rows and 86 data 
plants per plot.  Rows were 35cm apart and plants 35cm apart in the row. A 1 m wide 
buffer zone was included between plots. The fertiliser treatments were: 
1. Zero nitrogen fertiliser (0N) – i.e. no added fertiliser. 
2. Conventional (CONV) - 100 kg N-1 ha-1 total application. 54 kg N-1 ha-1 
Nitrophoska®  basal application at planting (7th May) and 46kg N-1 ha-1 
Urea in one application as a side dressing (14th June). 
  
3. Nitrification inhibitor (DMPP) - 100 kg N-1 ha-1 total application ; with 
addition of nitrification inhibitor DMPP (trade name Entec®). 54 kg N-1 
ha-1 (as Nitrophoska Entec®) basal application at planting (7th May) and 
46kg N-1 ha-1 Urea (as Entec®) in one application as a side dressing (14th 
June). 
Container grown lettuce seedlings, cultivar ’Cartaganova’, were transplanted on 
May 7, 2013. Two harvests were conducted on 11 and 18 July, 2013. Yields were 
determined by counting the number of heads and weighing the heads for each plot. On 
July 26 the residues of the lettuce crop were incorporated into the soil by mulching and 
rotary hoeing (a standard commercial practice).  The field remained fallow until 
September 2013. 
The fertiliser rate of 100kg-N ha-1 and application in two split doses was based on 
a standard rate of nitrogen application for lettuce and followed “good agricultural 
practice” for the Lockyer Valley (Heisswolf et al. 1997). Basal fertiliser treatments were 
applied by hand ensuring even application over each plot and incorporated using a rotary 
hoe just prior to transplanting lettuce seedlings. 
The plots were irrigated with bore water using a hand-shift sprinkler irrigation 
system. Irrigation was applied during times with low wind speeds to assure uniformity of 
application. Irrigation amounts were measured using a rain gauge installed at the centre of 
each plot and aimed at replacing evapotranspiration. Irrigation was scheduled on a weekly 
basis, except when sufficient rain had fallen in the previous week.  
 
Continuous N2O and CO2 flux measurement 
N2O fluxes were measured with a mobile fully automated measuring system over 
the cropping season of lettuce from May 8 to July 17, 2013 and the following fallow 
phase from July 19 to August 28, 2013. From June 8-13, and July 6-7, 2013 emissions 
were not measured due to equipment failure. Measurements were taken from every plot.  
The system consisted of acrylic static chambers (50 cm x 50 cm x 15 cm) that were fixed 
on stainless steel bases inserted permanently into the soil to a depth of 100 mm and 
installed in the space between the lettuce rows, directly measuring the gas fluxes from the 
soil. Details of the automated measuring system can be found in Scheer et al. (2013). 
Fluxes of N2O from the automated chambers were calculated from the slope of the linear 
increase or decrease over the 4 concentrations measured over the closure time similar to 
the procedure outlined by (Scheer et al., 2014). 
 
Auxiliary measurements 
Soil temperature (at a depth of 10 cm) and chamber temperature was measured 
every minute in conjunction with the automatic sampling system using a PT100 probe 
(Temperature Controls Pty, Australia). An electronic weather station was installed at the 
research site to measure local weather variables. The station recorded daily values of air 
temperature (maximum, minimum, and average), relative humidity, wind speed and 
rainfall.  Soil moisture was measured from 0-10cm continuously in one plot per treatment 
using a MP406 standing wave soil moisture probe (ICT International Pty Ltd, Armidale, 
NSW, Australia) that was calibrated for the soil at the research site. Water-filled pore 
space (WFPS) was calculated using measured soil bulk density data (arithmetic means of 
four samples) and an assumed particle density of 2.65 g cm-3.  
Two harvests were conducted on 11 and 18 July, 2013. Yields were determined by 
counting the number of heads and weighing the heads for each plot. Lettuce head maturity 
  
was determined by the following Produce Specifications (Anon, 2013) for the Australian 
domestic market: 
 Firm, compact heads; crisp leaves; fresh, mild lettuce flavour, not bitter or 
sour; no 'off' odours or tastes. 
 Approximately round heads, spreading outer leaves.  Heart diameter 
>160mm, heart weight >500g. 
 Compact hearts (crisp leaves easily removed), not lightly packed. Stem 
elongation not >40mm at the centre of the lettuce. 
 
Calculations and Statistical Analysis  
 
Cumulated gas emissions from each plot were calculated as area under the curve 
by approximate integral. Effects of treatment on total emissions were assessed by two-
way analysis of variance which estimated variability due to experimental block and 
treatments. The null hypothesis significance test for treatment was conducted by F-ratio 
test with individual means tested for difference using the least significant difference test 
at a probability level of 5%. 
 
 
RESULTS AND DISCUSSION 
 
N2O emissions showed a high temporal and spatial variability as is commonly 
reported for soil N2O fluxes. The temporal course of the mean N2O fluxes is displayed in 
Figure 1. Over the lettuce cropping period (7 May - 18 July) only relatively small N2O 
emissions were observed in the all treatments (-0.4 to 5.7 g N2O-N ha-1 day-1), which 
amounted to 80, 52 and 32 g N2O-N ha-1 in the CONV, DMPP and 0N treatment, 
respectively. Over the following fallow phase  after the lettuce residues had been 
incorporated into the soil (28 July – 28 Aug) significantly elevated N2O emissions were 
observed in the CONV treatment, while there were only slightly elevated emissions in the 
DMPP and only low emissions in the 0N treatment (Fig. 1B). Overall post-harvest 
emissions amounted to 111, 41 and 14 g N2O-N ha-1 in the CONV, DMPP and 0N 
treatment, respectively. N2O fluxes over the 4 month study period totalled 46, 93 and 191 
g N2O-N ha-1 in the CONV, DMPP and 0N treatment, respectively. These emissions are 
low compared to emissions reported for other vegetable cropping systems where 
commonly emissions of several kg N2O-N ha-1 yr-1 are reported (Liu et al., 2013), but it is 
comparable to N2O emissions reported from a broccoli crop at the same site (Scheer et al., 
2014). The rather low N2O losses in our study can most likely be attributed to the 
comparably low N fertiliser rate, a limited availability of labile carbon in the soil, the 
alkaline soil pH and the lack of extended periods of anaerobic soil conditions, which 
restricted soil nitrification and denitrification activity. The high N2O emissions after the 
incorporation of the lettuce residues in the CONV treatment confirm the findings of 
previous studies that reported elevated N2O fluxes during the mineralisation of vegetable 
residues in the soil (Flessa and Beese, 1995; Pfab et al., 2012; Scheer et al., 2014). Total 
Lettuce yield ranged from 31.3, 38.6, and 40.0 Mg ha-1 in the 0N, CONV, and DMPP 
treatments, respectively (Table 3). There was a significant effect of fertiliser application 
on lettuce, which increased by almost 100% with the application of fertiliser. However, 
we did not find any significant effect of DMPP on yield. 
 
  
 
Influence of nitrification inhibitor (DMPP) on N2O emissions and implications for 
mitigating N2O emissions 
 
The addition of DMPP had a significant effect on soil N2O fluxes and reduced 
N2O emissions compared to the standard practice by more than 50%. This is well within 
the range of the reductive effect of DMPP on N2O emissions reported by other studies 
(Pfab et al., 2012; Weiske et al., 2001; Zerulla et al., 2001). There was also a clear effect 
of DMPP on soil N2O emissions during the post-harvest phase. This is in contrast to a 
study in broccoli at the same research station, where no effect of DMPP during post-
harvest decomposition of vegetable residues on emissions was found (Scheer et al. 2014). 
We presume that this is caused by the fact that in the lettuce crop the time span between 
the DMPP application and the residue incorporation was only 6 weeks, compared to 9 
weeks in the broccoli. In addition, mean soil temperature was significantly lower over the 
lettuce (7 May -17 July) compared to the broccoli cropping phase (24 June -23 Oct). The 
period of time over which DMPP is effective strongly depends on soil temperature and it 
has been shown that at 20º C, this effect lasts approximately 7 weeks (Zerulla et al., 
2001). In our study with an average soil temperature of 15ºC, DMPP is still effective 6 
weeks after the last application and reduced nitrification and N2O emissions from 
nitrogen released during the decomposition of the lettuce residues by 75%. 
We conclude that DMPP has the potential to reduce soil N2O emissions from 
vegetable cropping systems and can also effectively reduce post-harvest emissions when 
it is applied in a timely manner before the residue incorporation. However, given the 
overall very low N2O emissions from the investigated vegetable cropping system there is 
little scope for DMPP from a mere N2O mitigation perspective. In view of the extra cost 
associated with DMPP fertiliser its use will only be adopted by farmers if it offers 
additional benefits, such as increased yield and/or reduced fertiliser rates. Further research 
needs to evaluate if DMPP can increase the nitrogen use efficiency in vegetable systems 
and analyse economic costs and benefits associated with the use of DMPP.  
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Tables 
 
 
Table 1.Physical and chemical soil characteristics of the experimental site (0-10cm) – 
Gatton Research Facility, Gatton, Queensland, Australia. (Source – Powell (1982), page 
18.) 
Soil Property  0‐10 cm 
Organic Carbon (%)  1.5 
Total Nitrogen (%)  0.15 
pH (H2O)  8.3 
Texture (USDA)  Medium‐heavy clay 
CEC (meq+/100g)  47 
Clay (%)  59 
Silt (%)  23 
Sand (%)  22 
 
 
 
Table 2. Timeline of crop management during the experiment. 
 
Date  Management 
7 May 2013  Transplanting of the lettuce seedlings 
7 May 2013  Basal fertiliser application 
 14 June 2013  Fertiliser side dressing 
11 July & 18 July 2013  Harvest of lettuce heads 
26 July 2013  Incorporation of lettuce residues 
26 July. – 28 Aug. 2013  Fallow period 
28 Aug. 2013  End of experiment 
 
Table 3. Average lettuce yield and number of lettuce heads per plot in total with standard 
error of the means (se). Means denoted by a different letter indicate significant 
differences between the treatments   
 
  Total yield [Mg ha‐1]  Total number of heads 
per plot 
0N  21.3± 0.4a  60 
CONV  38.6± 5.9b  60 
DMPP  40.0± 5.0b 60
 
 
 
  
 
 
Fig. 1. N2O-N flux from each treatment over (A) the lettuce cropping period (7.May -
17.July) and (B) the post-harvest fallow after the residue incorporation (26.July-28.Aug). 
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